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Project Objective:

Detect and Analyze Dynamic Events

= Problem formulation:

— Some dynamic events (e.g. mistuned PSS, malfunction
of generator controllers) may push the system into
alert and emergency states.

= Objective:

— Enable operators to detect and analyze unusual
dynamic events over a wide frequency band.
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Challenges & Approaches

= Challenges:

— The time domain PMU data often do NOT reveal dynamic
features in a straightforward manner

= Approaches:
— Transform the data into features

PMU
Data

Preprocessing - Classification
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The Coherence ANalysis (‘CAN’)

"= The Cross-coherence spectra

Time Signal “x” oherence >
a P (f)(2
Cylf)=5
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Time Signal “y” Wy

0<C,(f)<1 VfeR

= The Self-coherence spectra
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Detect Sustained Oscillations

To detect sustained oscillations (low SNR) from PMU data.

Pyy in dB (N=1024, L=128, M=15, Hamming)

PSD (SNR=-20dB, N=1024, L=128, M=15)

2 : : : 15 5
L gL
5 AW‘ 0
g offt [y A
3 ‘Nﬂ\ WW i \ JV\ 5
10
2 1 2 3 4 N L
=L
T 15
2 £ \
- 20
W :
§ Oww /W\[\ NV NW\Jﬁ« & wlbd bl 25
‘ 30 \
_2 1 1 1 w’ = - - - . - -35 o i v "
e ; : % , B 4 % 10 20 30 40 50 0 5 10 15
iBsee Time (minutes) Freq(Hz)
Y Osc Freg= 6 Hz ny_( 2 vs 2) delay time =6.0 sec Coherence: ny (SNR=-20dB)
LI TN QM\_: /\j} A 4l
. ' 0.8
E: g L \ t I0.8
10! :
-2 L 1 L ! @
0 1 2 3 4 w 06 S 0.6
= g
o : 2
5 3 TAWTIYTTTINT TR PN Y 04 8 04
T T T 5[ .
g oi fL- WA, A |
1 ' 0.2 0.2
£ oty Ly W
2 ' . : o bl Ky . :
0 1 2 3 4 L 10 20 30 40 &0 % 5 10 15
time (sec) Time (minutes) Freq(Hz) 1

‘—'ﬁ_-_“_a.

ConsorTiUM FoR ELECTRIC RELIABILITY TECHNOLOGY SOLUTIONS



9 Hours of Data on 04/10
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Power Spectra

Spectr: % 73 JDY3 Rock Creek #1 MW (Ref: 04/10/2013 00:00 PDT)
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Cross-Coherence Spectrum

Coh (delay= 0s): [% 15 MLN1 North Bus Freql] <= [% 94 MLNZ Round Mountain #1 MW](Ref: 04/10/2013 00:00 PDT)
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Self-Coherence Spectrum

Coh (delay=6s): [% 73 JDY3 Rock Creek #1 MW] <-= [% 73 JOY3 Rock Creek #1 MW](Ref: 04/10/2013 00:00 PDT)
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12 Days of Data Analysis

[5 MALN Round Mountain 1 Current MWW] <=2 [4 MALN Malin M.Bus Voltage ~ Fraql] (Ref: 04/01/2012 00:00 POT)
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[5 MALN Round Mountain 1 Current MW] <== [4 MALN Malin M.Bus Voltage ~ Fraql] (Ref: 04/03/2012 00:00 POT)
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12 Days of Data Analysis

(04/7-04/12/12)
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Major Technical Accomplishments

= Installed the ‘CAN’ tool in BPA lab running in pg 4. Fi@ldD

PDC : * dst

Stream StreamReader l
*.csv _
o Daily
Report
v
rics * dst :
database
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The ‘CAN’ Demo

B Coherence Inspector

Help
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Deliverables and Schedule

= Develop and implement post processing algorithms for
Coherence ANalysis baselining. (07/30/2013, Done)

= Develop a prototype tool for evaluating the performance
of the algorithms using field measurement data.
(01/30/2014, 50%)

Installed the CAN prototype tool (ver 1.0) in BPA lab on 06/06/2013

= Report the study results, and plan for future study.
(03/31/2014, 40%)

1 conference paper accepted by IEEE PES GM 2013
1 paper is drafted

Presentation in "Oscillation Detection and Analysis meeting" in BPA,
Portland, 03/19/2013

WECC JSIS meeting, in WECC, Salt Lake City, 06/11-06/13/2013
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Risk Factors

= For completing planned activities
— May finish the study earlier than originally planned

* For moving through RD&D cycle
— Goal: move up to the “Pre-commercial”
— Risk factors:

e The methods are easy to implement

e The papers & presentations will likely enable vendors to
develop their own ‘CAN’ tools
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Early Thoughts for FY 14

= |ntensive studies on field measurement data to
build an application example

= Methods for locating the disturbance sources

= Methods for identifying the type of disturbance
sources
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Summary

= Cross Coherence
— Periodic oscillations
— Forced responses

e Ringdown
e Probing
= Self Coherence
— Periodic oscillations

= Developed the ‘CAN’, a prototype Coherence ANalysis tool.
— Running in BPA lab in pseudo real time on PMU measurements
— Used by BPA engineers for studying historical PMU measurements
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Questions or Comments?

ning.zhou@pnnl.gov
509-372-6438
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